This review written in Japanese is directed to graduate students willing to be part of the emergingˆeld of ultrafast structural dynamics. It provides them with all the basic assumptions and experimental tricks of femtosecond optical spectroscopy and diŠraction techniques. The progress in the development of femtosecond X-ray and electron probes during the last twenty years has been tremendous, which provides us with the temporal and spatial resolutions required to observe atoms in motion. Recently, these direct observation of atomic motion with femtosecond X-ray and electron diŠraction techniques has gain much attention in theˆelds of material physics, chemistry or even biology. One good example involves the developments of X-ray free electron laser (XFEL). The table-top femtosecond electron diŠraction setups, on the other hand, have comparable brightness and temporal resoution as the facility-top XFELs with proper calibation. This review is mainly focused on generation of ultrashort electron pulses, characterization of the pulses and application for the femtosecond electron diŠraction measurements. We now have in hand the ultrafast structural`cameras' ready to be applied for the study of an endless list of dynamical phenomena at the atomic level of inspection.
A fs-optical pulse (blue) generates, via the photoelectric eŠect, a fs-electron pulse. This is achieved by back-illuminating a ～20-nm thick goldˆlm deposited on a ～1-mm thick sapphire disk. The photocathode is held at negative potential, typically 30 to 100 kV with respect to ground. Electrons are therefore accelerated through the cathode-anode potential drop. The photocathode to anode distance is such that E ACC 10 7 Vm. The aperture in the anode plate is usually 100 200 mm in diameter. A magnetic lens is used to collimate the electron beam before it scatters oŠ the irradiated sample's area to generate a diŠraction pattern at the screen. DiŠraction patterns are recorded by a large area electron detector. Layout of a photo-switchable streak camera. As can be observed, the longitudinal spread of the electron bunch (pulse length) is transferred as a spatial spread in the direction of the streaking electricˆeld. In order to estimate the electron pulse duration the streak camera has to be calibrated.(b) Illustration of the streaking electricˆeld as a function of the time delay following the photoinduced discharge. The encircled area in theˆgure indicates the part of theˆeld that is used to streak the electron pulse. Note that the amplitude of theˆeld gradient is maximum and quasiconstant (linear part of the curve highlighted by green circle). 
